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Factors Influencing Courtship Success in 
Male Calliope Hummingbirds (58 pp.)
Director: Richard L. Hutto
To test whether Calliope Hummingbirds (Stellula calliope) 
participate in an "exploded lek" mating system, I examined 
male behavior during the breeding season. Specifically, I 
sought to determine (1) if males differ significantly in 
their courtship success, and (2) which habitat 
characteristics might be correlated with these differences.
I report herein the results from data collected during the 
1983, 1984, and 1985 breeding seasons by R.L. Hutto, as well 
as my own data collected in 1989. Activity budgets varied 
little among years, and display rates differed significantly 
among males in only two of the four years. There appear to 
be two within-season peaks in courtship displays, the second 
possibly reflecting renesting attempts by females. I 
detected no diel correlation with any measured behavior. 
Multiple regression analysis revealed that two factors, 
distance to running water and mean perch height, together 
accounted for 94% of the variation in courtship display 
rates among territorial males. Strong correlations between 
each of these two variables and other habitat 
characteristics suggest that other factors play a role in 
influencing male territory choice and courtship success. 
Males with the highest display rates defended territories 
close to the riparian edge, with prominent perch sites and 
fairly high shrub cover. Due to the lack of significant 
differences in courtship display rate among males, I suggest 
that male Calliope Hummingbirds are defending solitary 
display territories, rather than exhibiting lek behavior.
11
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INTRODUCTION
The maintenance of territories for the purpose of 
resource defense is a well documented phenomenon for 
all post-breeding North American hummingbirds (Bent 
1940, Carpenter 1987, Carpenter et al. 1983, Gass et al. 
1983, Powers 1987, Stiles 1971, 1973, 1982) . Post-breeding 
individuals adjust territory size (Carpenter et al. 1983, 
Gass 1979, Gass and Lertzman 1980, Hixon et al. 1983,
Kodric-Brown and Brown 1978), levels of aggression (Ewald 
and Carpenter 1978, Ewald and Orians 1983, Norton et al. 
1982, Tamm 1985), and daily activity budgets (Armstrong 
1987, Calder 1975, Pearson 1954, Wolf and Hainsworth 1971) 
in response to both natural and experimentally manipulated 
variations in food availability.
In contrast, for North American hummingbirds, territorial 
defense during the breeding season cannot be explained, 
either directly or indirectly, by the economics of resource 
defense (Armstrong 1987, Powers 1987, Tamm 1985). During 
the breeding season, male Calliope Hummingbirds (Stellula 
calliope) may defend territories containing little or no 
available food resources, although nearby undefended areas 
contain a considerable abundance of profitable flowers
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
(Armstrong 1987). In response to a complete exclosure of 
nectar-producing flowers on a territory, only the amount of 
time male Calliope Hummingbirds spent foraging on their 
territories and spent off their territories changed 
significantly (Armstrong 1987). This lack of a relationship 
between food quality or availability, and breeding season 
territoriality is surprising since nectar availability can 
have profound effects on the territorial dynamics of post­
breeding birds, and partial or complete abandonment of non­
productive territories is common in post-breeding 
individuals (Gass 1978, Gass and Lertzman 1980). On the 
basis of his food-availability manipulation studies, 
Armstrong (1987) concluded that territoriality must have 
non-energetic benefits, particularly in the form of an 
increase in reproductive success, for male Calliope 
Hummingbirds.
Male hummingbirds perform conspicuous aerial displays 
on their territories. In the Anna's Hummingbird (Calvpte 
anna) aerial dive displays have been interpreted as an 
aggressive maneuver by the male, although they may play a 
role in very early courtship (Stiles 1982). There is no 
clear relationship between variations in food quality and 
availability and the number of chases involving females, or
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
with courtship display rate in Anna's Hummingbirds, implying 
that the primary purpose of male territoriality is 
reproductive in nature (Powers 1987). Display rates by male 
Calliope Hummingbirds depend at least in part on the amount 
of food available but they are not strongly influenced by 
feeding attempts by conspecific male intruders (Tamm 1985). 
This suggests that, territoriality in Calliope Hummingbirds, 
as with the Anna's Hummingbird, is not based on resource 
defense. Calliope males always perform dive displays in 
response to intrusions by female conspecifics. In contrast, 
male Calliope Hummingbirds engage in aggressive territorial 
defense by vocalizing, chasing, and diving at all 
conspecific male intruders (Tamm et al. 1989, pers. obs.). 
Although the chase may be preceded by a short display, Tamm 
et al. (1989) conclude that dive displays play an important 
role in the courtship of Calliope Hummingbirds.
In contrast to the post-breeding season in which male, 
female, and juvenile hummingbirds defend exclusive 
territories (Carpenter et al. 1983, Ewald and Carpenter 
1978, Gass 1978, Johnsgard 1983), breeding season 
territoriality has been documented for male Calliope 
Hummingbirds only. In the Calliope Hummingbird, as in other 
North American hummingbirds, behavioral or physical contact
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
between the sexes appears to be limited to courtship and 
copulation (Armstrong 1987, Bent 1940, Johnsgard 1983, Tamm 
et al.1989). There is a clear spatial separation between 
the sexes during courtship with females generally nesting in 
forested or riparian areas, while males establish 
territories in more open sites near riparian or forest 
edges (Armstrong 1987, Pitelka 1942, 1951, Tamm 1985, Tamm 
et al. 1989). Male Calliope Hummingbirds seem to favor 
territories that have little cover and a number of prominent 
perches (Armstrong 1987, Powers 1987, Tamm 1985, Tamm et al. 
1989). Selection of a territory site is associated with 
perches that are typically >2 m tall and well separated from 
adjacent wooded areas. This may allow males to observe 
incoming females and male intruders. In addition, by 
situating territories adjacent to the areas in which females 
nest, males may increase their access to receptive females 
(Armstrong 1987).
Male territories are loosely grouped in meadows and 
other open areas such as burns and clearcuts permitting 
auditory contact through dive displays (Powers 1987, pers. 
obs.). Evidence that male territories are used primarily 
for courtship has led to the suggestion that North American 
hummingbirds exhibit at least a modified lek-mating system
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
(Powers 1987, Tamm et al. 1989).
In species that display a lek mating system, 
territoriality in males is apparently not based on resource 
defense, but rather females visit the lek solely for the 
purpose of copulation (Bradbury and Gibson 1983). The 
mating behavior of North American hummingbirds seems to 
satisfy the four criteria set by Bradbury (1981) for true 
lek behavior: (1) male parental care is absent; (2)
territories contain no concentration of resources valuable 
to females; (3) males aggregate at a site, the lek or arena, 
to display to females; and (4) females choose among males 
for mating purposes and may elect not to mate. Lek behavior 
has been described in the Long-tailed Hermit Hummingbird 
(Phaethornis superciliosus) (Stiles and Wolfe 1977), and 
Guy's Hermit Hummingbird (Phaethornis guv) and other members 
of the genus Phaethornis (Snow 1974). Because the 
territories of the Calliope Hummingbird are not continuous 
but are often quite widely dispersed, and because males are 
in auditory rather than visual contact, this type of mating 
system is more appropriately termed an exploded lek 
(Armstrong 1987, Gibson and Bradbury 1983, Foster 1983, 
Powers 1987).
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Unlike monogamous mating systems, in which mating 
opportunities are fairly evenly distributed throughout the 
adult male population, mating success is significantly 
nonrandom in lekking species (Bradbury and Gibson 1983). 
Various researchers have studied the mating success of 
lekking males, and in each case, a few males were 
responsible for most of the matings. For example, on one 
Sage Grouse (Centrocercus uroohasianus) lek, two males 
accounted for nearly 80% of the recorded copulations on 
their lek (Wiley 1983); one male White-bearded manakin 
(Manacus manacus) dominated a lek with 74% of observed 
copulations (Lill 1974); and two Village Indigobirds (Vidua 
chalvbeata) garnered 85% of all copulations on one lek 
(Payne and Payne 1977). Lek mating systems are based on the 
premise of female choice, but because males contribute 
nothing to the union except gametes (Borgia 1979), and 
because male territories do not supply a resource base, the 
basis of female choice probably rests on cues of male 
quality that may be subtle to a human observer. Determining 
the factors that contribute to the success of individual 
males is difficult, and the following have been considered 
as potential cues used by females in their choice of mates:
(1) anatomical cues such as color, tail length, or body
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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size; (2) spatial cues such as position within the lek; (3) 
territorial characteristics; (4) display performance; and 
(5) dominance status (Bradbury and Gibson 1983).
Resolving which factors may contribute to male success 
has been the subject of many recent studies, and various 
factors have been shown to correlate with male courtship 
success. Dominance status (Apollonio et al. 1989), age 
related features such as differences in plumage or display 
complexity (Krujit et al. 1972, McDonald 1990), the amount 
of time spent on the lek (Gibson and Bradbury 1985, Payne 
and Payne 1977), and display rates (Hartzler and Jenni 1988, 
Wiley 1973) have been shown to be associated with high 
courtship success in various species-
It has also been suggested that female choice may be 
based in part on male proximity to some reference point such 
as nearness to the lek center, a specific topographic 
feature, or a "hotspot" through which the largest number of 
females pass (Apollonio et al. 1990, Borgia 1979, Bradbury 
and Gibson 1983, Wiley 1974). In studies by Lederhouse 
(1982) and Buchener and Roth (1974), certain central or 
topographically prominent sites proved to be the most 
successful mating locations, even though turnover in males 
was high.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Few studies have been conducted on North American 
hummingbirds during the breeding season. The majority of 
the research on these birds has focused on the economics of 
territoriality in post-breeding, migratory individuals and 
is has been only recently that questions about the function 
of male displays and territoriality have been addressed.
The display behaviors of breeding male Anna's and Calliope 
hummingbirds have been described (Stiles 1971, 1973, 1982, 
Tamm et al. 1989) but little consideration has been given to 
the question of which males, if any, are more successful and 
why.
If Calliope Hummingbirds are exhibiting an exploded lek 
system, then significant differences in courtship success 
among males should exist. Thus, establishing that there are 
significant differences in the courtship success among males 
is an important step in accepting the hypothesis that 
Calliope Hummingbirds exhibit an exploded lek mating system. 
This study examines male behavior during the breeding season 
by analyzing daily and seasonal activity budgets of 
individual males over four breeding seasons to determine the 
basis of any differences in courtship displays among males. 
Specifically, I address the following: (1) are there
differences in display rates among males; and (2) is display
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
rate correlated with any particular aspects of a male's 
territory?
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
METHODS AND MATERIALS 
Study Area
My study sites were located in Pattee Canyon, Missoula 
County, approximately eight km southeast of Missoula, 
Montana. Two different areas were used for behavioral 
observations over the course of four field seasons (Figure 
1). During the 1983, 1984, and 1985 seasons, observations 
were recorded by R.L. Hutto on territories in a 20-year-old 
seed-tree cut of Douglas-fir (Pseudotsuaa menziesii) and 
larch (Larix occidentalis) with a fairly heavy growth of 
willow shrubs (Salix s p .). This 10-ha site is bisected 
east-west by a dirt road and bordered by a small
intermittent stream to the north. By 1989, males were no
longer defending territories in this area, presumably 
because of vegetation that had become too dense. A new 
study site approximately one km southwest of the original 
study area was used in 1989. The new site was located in a
12-year-old burn, and the habitat was composed of perennial
grasses and low shrubs, primarily ninebark (Phvsocarpus 
malvaceus), bearberry (Arctostaphvlos uva-ursi), and wild 
rose (Rosa ), and interspersed with individual or small 
clumps of willow and scattered standing snags. This site
10
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Figure 1. Location of study sites
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was larger than the original site, (about 30-ha), but I used 
only a narrow strip along a dirt road which bisected the 
site into east and west halves. Two streams drained deep 
gullies northward to the lower Pattee Canyon. Two 
residences south of the 1983-1985 site, as well as four 
homes adjacent to the 1989 site, three to the north and one 
to the south, provided feeders throughout at least part of 
the breeding season. Both study areas were surrounded by a 
mature forest of second-growth Douglas-fir and larch.
Time Budgets
Activity budgets were established for territorial males 
by recording all activities continuously for observation 
periods ranging from 20-90 min. The duration of these 
activities was recorded using a hand-held stopwatch. In 
1989, observational blocks were arranged sequentially and 
divided into three time categories: Early (0630-1130),
Midday (1130-1630), and Late (1630-2130). Three randomly 
chosen males were observed for 45-60 min on each observation 
day. Behaviors were classified into the following six 
categories [after Tamm (1985)]:
(1) Perch —  Duration and perch location were recorded each 
time an individual landed.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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(2) Flying —  Includes any flights that were not an 
integral part of defensive, courtship or feeding behaviors.
(3) Off-territory —  Absences from the territory that were 
not preceded by the characteristic vocalizations of a 
defensive chase were assumed to be foraging flights, and 
were included, along with actual observations of feeding, in 
this category.
(4) Chase —  Males typically initiated chases from a perch 
and vocalized a quick series of "chip-chip, chip-chip” both 
before and during a chase.
(5) Hovering —  There appeared to be two distinct types of 
hovering behavior. First, males exhibited very short, non­
directed hovers that originated from a perch and lasted for 
a few seconds, after which the male either returned to his 
perch or chased an intruder. These hovers accounted for 
<<1% of total time and were not included in my calculations 
of activity budgets. In contrast, a "descending hover" 
started 10 m or more above the ground and was followed by a 
slow descent in a series of steps with the male turning from 
one direction to another while hovering. Descending hovers 
were nearly always directed towards a perched female 
Calliope Hummingbird and were exhibited in conjunction with 
(usually after) a dive display. Therefore, I grouped
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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descending hovers with the "display" category.
(6) Dive displays —  In the dive display, males ascended to 
a height of 20-30 m above the ground and then dove in a J- 
shaped trajectory, emitting a loud "bzzzt" at the bottom of 
each dive. Due to the difficulty in observing actual mating 
success, I used the percent of total time spent displaying 
as a measure of courtship success.
Perch Sites
A perch was considered to be in regular use if it 
accounted for >5% of the observed perch occurrences. I 
ranked all perches according to use, and designated primary 
perches as the fewest that cumulatively totaled at least 80% 
of all perching occurrences.
Territory Determination
Male Calliope Hummingbirds arrive and establish 
territories in early May and they defend them through early 
July. Females arrive about two weeks later than males and 
egg-laying occurs in the first half of June. My latest 
observation of an actively displaying territorial male was 1 
July, suggesting that there may be renesting attempts late 
in the breeding season. I mapped territories by plotting
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 5
observations of perch locations, and defensive, or courtship 
behaviors onto a tracing of an aerial photograph of the 
study areas. Males do not initiate chases or courtship 
displays off their defended territory, and they consistently 
use the same perches throughout the breeding season (Powers 
1987, Stiles 1971, 1973, 1982). I determined territory size 
using a map drawn from aerial photographs of the study site, 
and transcribing an ellipse around the two longest 
perpendicular axes between any two regularly used perches.
Habitat Characteristics
I measured the following habitat characteristics for 
each territorial male observed in the 1989 field season. 
Those categories marked with an asterisk were also measured 
for the 1983, 1984 and 1985 field seasons.
(1) Mean Perch and Primary Perch Height in each territory 
was estimated with a 2-m pole marked in 10-cm increments, or 
through triangulation techniques.
(2) Average Vegetation Height was estimated by measuring 
vegetation height with a 2-m pole delineated in 10-cm 
increments at distances that were 0, 3, 6, 7, 8, 9, and 10.8 
m from the territory center (determined from aerial photo) 
in each of the four cardinal directions.
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(3) Percent Herbaceous Cover was estimated from nested 
plots after Daubenmire (1959),
(4) Map Distance to Forest Edge* was measured in a 
straight line from the territory center on aerial maps with 
a known scale in order to compensate for territory 
unevenness.
(5) Map Distance to Closest Water" was measured using the 
same technique as in #4.
Statistical Analysis
Differences in activity budgets among and within years, 
in addition to differences among different periods of the 
day were analyzed using a Kruskal-Wallis one-way analysis of 
variance. Relationships between the amount of time spent 
displaying and the amount of time in other behaviors, 
between display rate and various habitat characteristics, 
and between the possible pairs of habitat characteristics 
were determined with Pearson correlation coefficients. In 
order to determine which aspects of the territories 
accounted for the greatest amount of variation in display 
times, I used stepwise multiple regression. Because dives 
per hour varied heavily according to date and all males were 
not observed during both peaks of display behavior, percent
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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time spent displaying was used as an indicator of courtship 
success .
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RESULTS
Activity Budgets
Time budgets are based on a total of 102.25 hours of 
observation on 22 unmarked male Calliope Hummingbirds. A 
total of 53.25 hours of observation was unevenly distributed 
among 16 males during the 1983, 1984, and 1985 field 
seasons. Males were observed for 25.0 hours from 4 - 2 5  
June 1983, 10.5 hours from 12 June - 1 July 1984, and 17.75 
hours from 14 -28 June 1985. Six males were observed in 
each year. One to four birds were watched on each 
observation day during the 1983, 1984, and 1985 field 
seasons. Virtually all of the observational periods during 
these years were between 0630 and 1100. Data from one male 
in each of the 1984 and 1985 seasons was not included in the 
data analyses because either the total time over all 
observations was less than 2 hours or there were fewer than 
four observation periods for that individual. In 1989, 
behavioral observations were fairly evenly distributed among 
eight males. I did not include data from two males in 1989, 
however, because both of these birds disappeared from their 
territories on or before 10 June 1989. After that date no 
other males were seen on the abandoned territories, although
18
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the males that had formerly occupied them had actively 
engaged in defensive and display activities until their 
disappearance.
The proportion of time spent in each of the five 
behaviors did not differ significantly (K-W, P > 0.05) among 
years (Table 1). While it appears that,, as a group, 
territorial males used their time in a fairly consistent 
fashion from one year to the next, I found significant 
differences (K-W, P < 0.05) in activity budgets among males 
in 1984, 1985, and 1989 (Table 1). Because the birds were 
not marked, among year comparisons for individuals could not 
be made.
Perching —  Males spent the majority of their time perching, 
with averages ranging between 62.0% in 1985 to 71.8% in 1989 
(Table 1). The average amount of time an individual spent 
perching ranged from a low of 49.6% for male 5 in 1984 to a 
high of 78.6% for male 4 in 1989 (Table 1). Time spent 
perching was significantly correlated with time off- 
territory (r = -.866, P < 0.001).
Off-territorv —  Foraging plus time spent off-territory 
accounted for the second largest time expenditure for 
territorial males, ranging from a mean of 23.5% in 1984 to 
29.4% in 1985 (Table 1). Individual variation in time spent
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 1. Mean percent time spent in five behavior 
categories by male Calliope Hummingbirds (standard 
deviations shown in parentheses). Differences among yearly 
means and means among males within years were tested with a 
Kruskal-Wallis one-way ANOVA.
Individual Perch
Off- 
Flv territory Chase DisDlav
1 (1983) 69.7 1.4 21.8 3.5 3.0
2(1983) 73.6 2.0 14.4 4.0 5.6
3 (1983) 70. 6 0 . 6 21.3 3.3 3.7
4 (1983) 59.5 0.4 31.2 1.6 6.9
5(1983) 62. 6 0.9 27.0 0.0 9.5
6 (1983) 68.7 0.9 17. 5 5.6 5.7
1983 mean 67.4 (5.3) 1.9(0.6) 24.0 (6.1) 3.0 (1.9) 3.7 (2.3)
1 (1984) 75. 8 1. I*’ 19.6 0.9 2.1=
2 (1984) 63.2 5.7"* 28.0 0.7 3.9=
3 (1984) 61.0 0.0̂ * 35.7 0.8 1.7=
4 (1984) 73.3 0.7*" 16.0 4.6 5.1=
5(1984) 49.6 3.9** 41.0 0.4 4 . 9=
1984 mean 68.0 (10.5) 1.7(2.3) 23.6(10.5) 2.5(1.9) 4.2(2.6)
1(1985) 68.2 2.9 19.2= 4.5 4.8=
2(1985) 50.0 5.7 44.5= 4.7 0.5=
3(1985) 64.4 0.0 29. 0= 1.6 2.4=
4(1985) 55. 8 0.7 36. 3= 0.0 6.4=
5(1985) 57.7 3.9 16.0= 2.8 21.2=
1985 mean 59.2(7.2) 2.6(2.3) 29.0(11.8) 2.5(2.2) 7.1(8.2)
1(1989) 67.7 5.6'' 25. 1 1.0 3.1
2(1989) 76.2 2.1" 17.3 1.9 2.5
3(1989) 64.5 1. 0" 32.8 0.2 1.5
4(1989) 78. 6 1.2" 17.8 0.7 1.7
5(1989) 71.6 1.9" 17.5 1.8 7.2
6(1989) 73.0 3.3" 19.4 0.7 3.6
198 9 mean 71.8 (5.2) 2.5 (1.7) 20.0(8.5) 0.9 (0.5) 3.3 (2.1)
grand mean" 66.2 (8.1) 2.1(1.8) 24.9(8.8) 2.1 (1.8) 4.9(4.3)
no significant differences in any behavior 
among the four years.
significant differences among individuals in 
P < 0.02) and 1989 (H = 12.03, P 
differences among individuals (H
(H = 11.61, 
significant 
P < 0.05). 
significant 
(H = 11.41,
differences among individuals in 
P < 0.05) and 1985 (H = 11.10, P
(P > 0.05)
1984
< 0.03).
= 9.55,
1984
= 0.0505)
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off-territory was high, with values ranging from 14.4% for 
male 2 in 1983 to 44.5% for male 2 in 1985. There was a 
significant difference (K-W: H = 9.55, P < 0.05) among males 
in the amount of time spent off-territory during the 1985 
field season (Table 1).
Flying —  Flying usually accounted for less than 2% of the 
activity budget (Table 1), but in two of the four years 
(1984 and 1985) I found significant differences among males 
in the percent of time spent flying (1984: H = 11.61, P < 
0.02; 1985: H=12.03, P < 0.03).
Chase -- I did not find any significant differences among 
males within a given year in the amount of time devoted to 
chasing (Table 1).
Display —  Percent time spent displaying ranged from 0.5% 
for male 13 in 1985 to 21.5% for male 16 in 1985. I found 
significant or close to significant differences among males 
in percent time spent displaying in 1984 (H = 11.41, P < 
0.05), and in 1985 (H = 11.10, P = 0.05).
Diel and Within-season Variation
I found no significant correlation between of time of 
day and activity budgets (Table 2). As a group, territorial 
males spent more time perching and flying between 0630 and
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Table 2. Diel variation in the activity budgets of male 
Calliope Hummingbirds during the 198 9 breeding season, 
(values expressed as percent of total time)
Individual
Behavior
time
period 1 2 3 4 5 6 mean(SE)^
PERCH
early
mid
late
72.2
67.7
65.0
78.2
74-3
88.1
81.3 
56. 6
49.1
71.1
80.5
82.5
69.1 
75. 6
68.1
79.4 
65. 9 
76. 4
75.2 (2.1) 
70.1 (3.5) 
71.5 (5.7)
FLY
early
mid
late
1.5 
4 . 3 
3.2
2.4 
1. 6 
3.2
0.9
1.2
0.2
0.8
1.7
1.3
1.7 
1. 8 
2 . 4
1.8
1.7
2.6
2.3(0.9) 
2.1(0.5) 
2.2(0.5)
O.T.*
early
mid
late
20.8
24.1
30.2
17.0
18.4
14.2
14 .1 
41. 5 
50.7
25.4
16.0
14.2
25.2
7.9
23.5
10.4
29.1
13.0
18.8(2.5) 
22.8(4.8) 
22.8(6.0)
CHASE
early
mid
late
2.2
0.5
0.5
0.8
2.5
0.9
0.6
0.0
0.0
0.9
0.5
0.8
0.1
2.8
2.4
0.2
1.3
0.0
0.8(0.3) 
1.3(0.5) 
0.8(0.9)
DISPLAY
early
mid
late
3.2
3.0
3.1
1.7
3.1
0.5
3.1
0.7
0.0
1.8 
1.3 
1.1
3.9 
11. 9 
3.5
3.7 
1. 8 
8.0
2.9(0.4) 
3.6(1.7) 
2.7(1.2)
O.T. = Off-territory
distribution of behaviors is independent of time-of-day 
(ANOVA, P »  0.05)
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1100 than at other times of the day. Chasing as well as 
displaying increased slightly, but not significantly, 
between the hours of 1130 and 1630. Time spent off- 
territory peaked during the evening (1730-2130) (Table 2).
Activity budgets did, however, vary over the course of 
the breeding season (Figure 2). Males spent a greater 
proportion of time perching early than late in the breeding 
season (r = -.384, P = 0.033). A similar trend appears to 
be true for time spent flying (Figure 2), although only 
after I removed two outlying points was the relationship 
between time spent flying and date significant (r = -.297, P 
= 0.104 versus r = -.487, P = 0.009). There was no 
significant correlation between date and time spent off- 
territory, chasing, or displaying (Figure 2), however, 
there were two within-season peaks in the number of dives 
per hour (Figure 3). The peaks were about two weeks apart, 
although the precise timing depended on year.
Territory and Perch Site Characteristics
The mean territory size for the 1983, 1984, and 1985 
field seasons was 0.118 ha. Territories in 1985 were larger 
(x = 0.167, SE = 0.048) than those in 1983 (x = 0.106, SE = 
0.034), 1984 (X = 0.087, SE = 0.020), and 1989 (x = 0.052,
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Figure 2. Time-of-season patterns of activity budgets of male 
Calliope Hummingbirds during the 1983, 1984, 1985, and 1989
breeding seasons.
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Figure 3. Within-season patterns in display intensity
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SE = 0.021), but not significantly so (ANOVA: F = 1.003, P < 
0.05) (Table 3).
With the exception of territory 19, which had a very large 
clump of deadfall and willow in its center, all the 
territories had a similar horizontal vegetation profile. 
Vegetation height was low throughout the entire territory, 
ranging from 15 - 75 cm (Table 4), and I found no 
significant differences in vegetation height among the 
measurement intervals (K-W, P > 0.05). I did, however, find 
significant differences in vegetation height among 
territories (Table 4). Percent herbaceous cover differed 
significantly among territories for both grasses (ANOVA: F = 
8.36, P < 0.001), and low shrubs (F = 3.73, P < 0.01),
(Table 5). The distance to forest edge and to running water 
varied considerably on each study site.
A given male used from one to six perches regularly 
(>5% of perch time) over the course of the breeding season, 
but slightly fewer constituted primary perches (Table 3). 
Mean perch height, primary perch height and height of 
tallest perch were highly intercorrelated (Table 6), and I 
found no significant difference (Mann-Whitney U: U = 17.5, P 
> 0.05) between mean perch height and primary perch height 
(Table 7). A pairwise comparison of all habitat measures
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Table 3. Size of defended territory and number of perches 
used by male Calliope Hummingbirds during the breeding 
season.
Individual Territory Number of® 
size (ha) primarv perches
Total Number" 
of perches
1 (1983) 0.238 2 4
2 (1983) 0.049 1 1
3 (1983) 0. 076 2 4
4(1983) 0.033 2 4
5 (1983) 0. 055 2 3
6 (1983) 0.183 2 2
mean (SE) 0.106 (0.034)
1 (1984) 0.080 2 3
2 (1984) 0.031 2 2
3 (1984) 0. 100 2 4
4 (1984) 0.072 3 3
5 (1984) 0.051 4 5
mean (SE) 0.087 (0.021)
1(1985) 0.148 4 6
2(1985) 0. 312 3 3
3(1985) 0. 058 3 3
4(1985) 0.076 3 4
5(1985) 0.241 2 5
mean (SE) 0.167 (0.048)
1(1989) 0.130 3 4
2 (1989) 0. 008 2 2
3 (1989) 0.010 2 3
4 (1989) 0.020 1 2
5 (1989) 0.106 3 4
6(1989) 0.037 5 3
mean (SE) 0.052 (0.020)
grand mean 0.096 (0.017)
® includes fewest cumulative number of perches needed 
to total 80% of all perch time
includes all perches used for more than 5% of total 
perch time
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Table 4. Mean vegetation heights (cm) at various distances 
from territory center for six territories in 1989.
Individual
Distance from territory center
Cm 3m 6m 7m 8m 9m 10. 8m
17 10 25 106 104 8 6 29
18 15 14 18 14 15 15 14
19 220 180 110 123 58 56 68
20 15 18 150 70 23 41 30
21 70 100 120 94 113 125 140
22 30 30 30 60 91 75 109
grand mean 60 61' 91 76 51'" 53= SI*"
' significant 
P = 0.006)
differences among territories (K-W: H = 16.00
 ̂significant 
P = 0.002)
differences among territories (K-W: H = 18.59
= significant 
P = 0.011)
differences among territories (K-W: H = 14.89
significant 
P = 0.027)
differences among territories (K-W: H = 12.62
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Table 5. Estimated percent herbaceous cover at three 
foliage heights on six territories in 1989.
Individual
Foliaae heiaht
<50cm 50-150cm >150cm
17 50-55 10-15 5-10
18 55-65 5-10 15-20
19 20-25 25-30 10-15
20 65-70 15-20 < 5
21 65-70 30-35 10-15
22 50-55 5-10 15-20
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Table 6. Pearson correlations for pairwise combinations of 
territory characteristics (significant correlations at P < 
0.05 are designated in bold type).*
AREA DSED DSWA HBLO HBMD HBHI AVPH AVPR TATR
AREA 1.00 -.395 -.312 . 374 . 317 -.331 .376 .350 .391
DSED 1. 00 .562 .274 -.438 -.182 . 323 -.355 - .452
DSWA 1.00 .027 -.691 -.752 .723 -.747 - .679
HBLO 1. 00 .404 .010 .521 .467 .450
HBMD 1.00 .774 .962 .970 .984
HBHI 1. 00 .689 .724 .715
AVPH 1. 00 .998 .986
AVPR 1.00 .990
TATR 1.00
continued...
TATR VEGO VEG3 VEG6 VEG7 VEG8 VEG9 VEGIO
AREA .391 -.289 -.102 .298 . 426 . 134 . 142 .287
DSED -.452 -.445 -.545 .025 -.641 -.528 -.371 -.605
DSWA -.679 -.631 -.723 -.389 -.362 -.223 -.389 -.196
HBLO -.450 — .621 -.456 .231 -.275 . 329 .486 . 364
HBMD .984 . 424 . 614 .416 .459 .795 .898 .812
HBHI .715 .718 .776 . 171 .245 .683 .754 . 601
AVPH .986 .255 .463 .342 .293 . 683 .823 . 703
AVPR .990 .315 .518 . 333 .321 . 696 .829 .712
TATR 1.00 .329 .535 .315 .370 .772 .873 .795
VEGO 1.00 .971 .229 .627 .317 .283 .272
VEG3 1.00 .315 .699 .449 . 441 .426
VEG6 1.00 . 699 .016 . 183 .085
VEG7 1.00 .238 .228 .324
VEG8 1.00 .959 .987
VEG9 1. 00 .946
VEGIO 1.00
see Appendix I for explanation of abbreviations
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Table 7. Perch height characteristics for males in 1989.
individual
maximum 
perch height
(cm)
mean (SE) 
perch height
(cm)
mean (SE) 
height of 
primary perches 
(cm)
17 410 353 (33) 340 (75)
18 410 403 (8) 403 (8)
19 750 510 (90) 563 (102)
20 430 415 (15) 400 (0)
21 1600 1025 (266) 1100 (361)
22 500 348 (53) 370 (59)
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revealed extensive interrelations between many of the 
habitat variables, particularly between perch and vegetation 
heights (Table 6).
Display Characteristics
All of the territorial males in the study occasionally 
directed dive displays (and to a lesser extent, hovering) 
towards male Calliope Hummingbirds, and nonconspecifics 
(Table 8). Passerines that perched within a male Calliope's 
territory received the majority of non-female directed 
displays, but males occasionally dove at other male Calliope 
Hummingbirds, chipmunks, and at what sometimes seemed to be 
an empty bush. There was significant variation among years 
in mean bout duration (K-W: H = 13.16, P < 0.004) and the 
mean number of dives per bout (H = 8.32, P < 0.04) for 
displays directed toward nonconspecifics (Figure 4), and the 
mean duration for display bouts directed at non-females was 
always much shorter than the duration of display bouts 
directed towards female conspecifics (Wilcoxon matched- 
pairs: Z = -2.94, P < 0.003). Males displayed to females 
for a longer period of time because they dove about three 
times more per bout when the display object was a female 
Calliope Hummingbird (Figure 4). Not surprisingly, there
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Table 8. Display frequencies by breeding male Calliope 
Hummingbirds.
Obiect of Display Freauencv Percent
Calliope female 164 35.2
Calliope male 67 14.4
Dusky Flycatcher 21 4.5
Warbling Vireo 20 4.3
Dark-eyed Junco 19 4.1
Chipping Sparrow 19 4.1
Orange-crowned Warbler 9 1.9
American Robin 8 1.7
MacGillivray's Warbler 2 0.4
Black-headed Grosbeak 1 0.2
Cassin's Finch 1 0.2
Cedar Waxwing 1 0.2
House Wren 1 0.2
Mountain Chickadee 1 0.2
Pine Siskin 1 0.2
Swainson's Thrush 1 0.2
Chipmunk 2 0.4
Columbian Ground Squirrel 1 0.2
Unknown 127 27.4
Total 466 100. 0
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Figure 4. Mean number of dives per display bout (a), and mean 
duration of display bout (b) directed towards female 
conspecifics and non-female display objects.
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was a significant correlation between bout duration and the 
number of dives per bout for displays directed at females 
(r= ,357, P = .012) and non-females (r = .535, P = .007).
Mean duration of display bouts was constant (r = 0.161, 
P > 0.05) over the course of the breeding season (Figure 5). 
There was no relationship (r = 0.215, P < 0.05) between date 
and mean bout duration for those display bouts that were 
directed toward females (Figure 6), although there was a 
weak correlation (r = 0.299, P = 0.041) between bout 
duration and date for those displays directed at non-females 
(Figure 6). These two relationships are heavily influenced 
by one observation period in 1985 during which a single male 
exhibited extremely high display rates at both females and 
non-females. Removing the observations of this individual 
as possible outliers (which include 342 and 925 s duration 
bout) results in nonsignificant correlations between display 
duration and date.
Correlates of Display Rate
Males showed remarkable consistency in territory site 
selection, and often the same perch sites were used from 
year to year (Figure 7). Because males defended 
approximately the same areas in 1983, 1984, and 1985, I was
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Figure 5. Time-of-season patterns in display bout duration
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Figure 6. Mean duration of male display bouts over the course 
of the breeding season
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Figure 7. Defended territories for the years 1983, 1984, 
and 1985. Territories are ranked by mean daily percent time 
displaying by resident male over three field seasons.
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able to compare male courtship success among years on these 
sites over a three-year period. Territory rank 
(corresponding to male display rate) was consistent among 
years (Kendall's W: W = 0.844, P = 0.038), with those 
territories closest to the edge consistently having the 
highest rank (Figure 8).
Display rate was significantly correlated with mean 
perch height, primary perch height, height of tallest tree, 
and distance to forest edge (Table 9). In combination, two 
variables accounted for nearly 94% of the variation in male 
display rate: mean perch height and distance to forest edge
(Table 10) . Males with higher perches and a territory close 
to the riparian zone exhibited higher display rates, 
although there was no significant correlation (r = .723, P > 
0.05) between distance to running water and mean perch 
height (Table 6).
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Figure 8. Defended territories for the years 1983, 1984, and 
1985. Territories are ranked by mean daily percent time 
displaying by resident male over three years.
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Table 9. Habitat characteristics that were significantly 
correlated with display rate.
Variable'’ r P
DSED* -.511 0.043
AVPH .823 0.044
AVPR . 803 0.050
TATR . 837 0 . 038
* see Appendix I for explanation of abbreviations
* significant for 1983 - 1985 only
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Table 10. Results of multiple regression analysis of 
habitat characteristics on display rate.
Analysis of Variance
Source DF Sum of Squares Mean Square F Sig F
Regression 2 20 .4606 10.2303 23.38 .0148
Residual 3 1.3128 . 4376
R Square . 9397
Adjusted R Square .8995
Standard Error . 6615
Variables B SE B T Sig T
AVPH .0109 .0017 6.62 .007
DSWA .0036 .0010 3.61 .037
constant -4.7227 1.4356 -3.30 .046
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food source throughout the breeding season. Although post­
breeding hummingbirds commonly defend feeders, during the 
breeding season, male Calliope Hummingbirds do not shift or 
abandon their territories, even in response to a complete 
exclosure of food plants (Armstrong 1987). Thus, the 
feeders were theoretically available to all the males on my 
study sites. Periodic observations at nearby feeders, which 
were well within distances reported for Rufous Hummingbirds 
that took trips to naturally occurring nectar sources (Gass 
1978), revealed that both male and female Calliope 
Hummingbirds were using them in a regular manner. Although 
individuals were not marked during the study, the direction 
of the majority of off-territory flights by the males in my 
study indicate that the birds were attending the nearest 
feeders.
Tamm et al. (1989) report that the percentage of time 
spent in sight by breeding male Calliope Hummingbirds 
increased significantly in response to placement of feeders 
on their territories, while Armstrong (1987) found that the 
only aspects of the activity budgets of males that showed a 
significant response to the exclosure of flowers on their 
territories was the amount of time spent foraging on their 
territories (decrease), and the amount of time spent off-
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territory (increase). Thus it appears that males adjust 
their activity budgets, particularly time spent off- 
territory, in response to the availability of food. Time 
spent perching was negatively correlated with time spent 
off-territory and probably reflects the distance to the 
closest available food source. The lack of significant 
differences among males, both within and between years, in 
the amount of time spent perching and off-territory, 
suggests that the variation in the distances of territories 
from feeders did not have a large effect on the activity 
budgets resident males.
Unlimited access to feeders created an artificially 
energetically rich environment on and around my study site. 
Tamm (1985) found that such a scenario resulted in an 
increase in display rates in breeding male Calliope 
Hummingbirds. Although the distance to feeders varied, and 
males in 198 9 defended territories that were closer to 
feeders than in 1983, 1984, and 1985, the amount of time 
spent displaying did not vary significantly among years. 
Theoretically, all the males in my study had approximately 
equal access to this abundant energy source and thus 
differences in display rates among males cannot be 
attributed to differing amounts of nectar available to an
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individual. The amount of time spent displaying by 
individuals was therefore freed from a large potential 
source of variability.
Flying, when not associated with defense, feeding or 
courtship activities, consisted of short, direct flights 
between regularly used perches on a male's territory.
Whether this is a form of territorial vigilance against 
intruders or whether such flights play a role in detecting 
or attracting nearby females cannot be explained at this 
time. I found no clear relationship between flying and 
chasing or displaying, or time spent flying and any habitat 
characteristic.
Diel and Within-season Variation in Activity Budgets
The periods immediately preceding and after emerging 
from torpor are energetically critical for hummingbirds. In 
a natural situation, I would, therefq,re, expect time spent 
foraging to peak early and again late in the day. The lack 
of diel trends in activity budgets, expressly in time spent 
off-territory, can be attributed mainly to unrestricted 
access to feeders, which the males in this study enjoyed. 
Only one individual showed this early-late foraging pattern, 
and it is interesting to note that the territory which this
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male defended was in a deep gully that had much less direct 
sunlight than the other territories. As a consequence, it 
was quite cold in the mornings, even on days that were 
subsequently very hot. It is quite possible that this male 
experienced a higher energetic demand at night and early in 
the morning.
Display behavior did not vary significantly among 
males, but generally peaked during the midday period. This 
result is inconsistent with the findings of Tamm et al.
(1989), who report a large decrease in display rates over 
the course of the day. Although the males in that study did 
not have access to feeders, this diel trend was evidently 
not a result of fluctuations in nectar availability, and 
they suggested several alternative explanations for high 
display rates early in the day, including: (1) more active
competitors, (2) the importance of establishing presence on 
a territory, or (3) an increased likelihood of female 
visitation. Because my results show no such trend, I do not 
feel confident in commenting on the suitability of his 
alternative explanations.
The presence of feeders so near to my study sites 
probably masked any within-season fluctuations in nectar 
availability. I saw no time-of-season trends in chasing
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behavior and males continued to defend their territories 
until the very end of the breeding season. I observed a. 
male chasing intruders on 30 June, even though every 
territory was abandoned by 2 July. The fact that blooming 
flowers such as paintbrush (Castilleia ^.), wild 
honeysuckle (Lonicera ^ . ), and penstemon (Penstemon sp.), 
as well as feeders were present both before and after this 
date supports the hypothesis that territoriality in breeding 
male Calliope Hummingbirds is not tied to resource defense.
The percent time spent displaying was no lower 
immediately prior to the abandonment of territories than it 
was early in the season. Possibly, females solicit matings 
until late June or early July, although the majority of 
matings are thought to take place in the first two weeks of 
June (Armstrong 1987, Johnsgard 1983, Tamm 1985, Tamm et al. 
1989) . The incidence of multiple broods in North American 
hummingbirds is not well documented and seems to be uncommon 
except in the larger species such as the Blue-throated 
Hummingbird fLampornis clemencaei) which averages about 7.6 
g in weight (Calliope Hummingbirds average approximately 2.7 
g) (Johnsgard 1983). Incubation periods for most 
hummingbirds range from 14-17 days. The only copulation 
that I observed during the 1989 field season took place on
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19 June, which was in the middle of the second peak in 
display behavior. As this was only some ten days after the 
first peak in display intensity (Figure 4), the second peak 
most likely reflects renesting attempts rather than a second 
brood. The first of July seems to be the outside limit for 
bringing off a successful clutch in western Montana, for in 
no year did we observe more than a couple of males after 
this date.
Display Characteristics
The dive displays of male Calliope Hummingbirds are 
thought to play an important role in courtship (Bent 1940, 
Tamm et al. 1989). Males dive at non-females on their 
territories, but bout duration is significantly longer 
towards female conspecifics. Short displays directed 
towards other males usually ended in a chase, and males 
generally abandoned displays at non-hummingbirds after a few 
passes. However, males continued to dive and hover over any 
female that remained on his territory, regardless of whether 
she was perched or moving from bush to bush. The higher 
within-year variability in the duration or number of dives 
per bout directed towards female conspecifics is a result of 
the nature of the mateship system these birds exhibit;
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females are free to choose not to mate with the resident 
male and can leave his territory at will. Dive displays 
seem to play an important role in courtship and are most 
likely elicited by an individual perched on a male's 
territory. Although there is a possibility that dives play 
some role in aggressive interactions or possibly as indirect 
signals to females.
Habitat Characteristics
Territory size was consistent with those reported in 
the literature (Armstrong 1987, Bent 1940, Johnsgard 1983, 
Tamm et al, 1989), and showed a significant negative 
correlation with distance to the forest edge. Territory 
size in 1989 was somewhat smaller than in the other three 
years of the study, probably in response to fewer suitable 
sites in the more open burned area as opposed to the cutover 
site used in 1983, 1984, and 1985. The consistency in 
territory size and location, and perch use during the 1983, 
1984, and 1985 field seasons is consistent with the results 
of Tamm et. al. (1989), who report male Calliope 
Hummingbirds returning to the same territory from one 
breeding season to the next.
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Nearly 68% of the variation in male display rate can be 
explained by mean perch height, and a further 26% by the 
distance to the nearest source of running water. Armstrong 
(1987) offers several explanations for territory site choice 
in male Calliope Hummingbirds, assuming that territorial 
defense benefits males simply by providing areas where they 
can encounter and court females. Selection of a territory 
adjacent to nesting areas to increase access to females is 
one possible mechanism. Because females frequently nest in 
riparian zones, it is noteworthy that in this study, I found 
a highly significant relationship between the distance to 
the riparian edge and male courtship success. Armstrong 
also suggests that by selecting territory sites in meadows 
with low cover and a few prominent perches, males can better 
observe intruders and females.
Virtually all displays were directed towards 
individuals that were perched in bushes on a male's 
territory. Females tended to fly from one low perch to 
another during displays, and all observed copulations 
occurred low in the vegetation on a male's territory. This 
behavior, the high positive correlation of shrub cover and 
perch height, and the fact that shrub cover was not 
significantly correlated with distance to running water or
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forest edge, suggests that males are not choosing 
territories solely on the basis of proximity to nesting 
areas. Territories function as display areas, and the 
strong relationships between perch height and display rate, 
and shrub cover and perch height, imply that suitable perch 
sites, and probably shrub cover, provide an appropriate 
arena in which to court females. It appears that male 
Calliope Hummingbirds may be choosing territories which 
optimize their mating success on at least two levels: (1) an
increase in the likelihood of encountering receptive females 
by defending territories proximal to nesting areas; and (2) 
an increase in successful displays by defending a territory 
which provides a suitable courtship area.
Mating Systems
It can be argued that display rate is, at best, a 
function of female visitation rate and not an adequate 
measure of courtship success. For Calliope Hummingbirds, 
very few observations of copulations have been documented 
(Bent 1940, Tamm et. al. 1989). These observations, as well 
as the three copulations observed during this study, all 
report that matings are preceded by very long periods (>7 
min) of diving and hovering. Thus it seems unlikely that an
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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